Purpose: Surgical resection for gastric adenocarcinoma is associated with significant post-operative morbidity and mortality. The aim of this study was to assess the prognostic significance of sarcopenia in patients undergoing resection for gastric adenocarcinoma with respect to post-operative morbidity and survival. Materials and Methods: A retrospective analysis was conducted on a cohort of consecutive patients who underwent surgical resection for gastric adenocarcinoma between 2008 and 2014. Patient demographics, radiological parameters, and pathological data were collected. OsiriX software (Pixmeo) was used to measure skeletal muscle area, which was normalized for height to calculate skeletal muscle index. Results: A total of 56 patients (41 male, 15 female; mean age, 68.4 ± 11.9 years) met the inclusion criteria. Of these, 36% (20 of 56) of the patients were sarcopenic pre-operatively. Both sarcopenic and non-sarcopenic patient groups were equally matched with the exception of weight and body mass index (P=0.036 and 0.001, respectively). Sarcopenia was associated with a decreased overall survival (log-rank P=0.003) and was an adverse prognostic predictor of overall survival in multivariate analysis (hazard ratio, 10.915; P=0.001). Sarcopenia was a predictor of serious in-hospital complications in multivariate analysis (odds ratio, 3.508; P=0.042). Conclusions: In patients undergoing curative resection for gastric cancer, there was a statistically significant association between sarcopenia and both decreased overall survival and serious post-operative complications. The measurement and reporting of skeletal muscle index on pre-operative computed tomography should be considered.
INTRODUCTION
Gastric cancer is the fifth most common malignancy worldwide and comprises 6.8% of all cancers diagnosed. It is the third leading cause of cancer-related deaths worldwide [1] . There is a wide geographical variation in the incidence of cases, with countries in Eastern Asia, such as South Korea and Japan, having age-standardized incidence rates of 41.8 and 29.9 per 100,000, respectively [1] , while in the United States, an approximate incidence of 7.3 per 100,000 is observed [2] .
Gastric cancer has a poor 5-year overall survival (OS) rate of 30.6% [2] , with surgical resection being the only curative intervention [3] . Post-operative complications have been reported to be as high as 39% in patients undergoing surgery with curative intent [4] . A recent study on patients undergoing potentially curative total gastrectomy for gastric adenocarcinoma indicated that 28% of patients required invasive post-operative intervention, based on the grading of the interventions performed (Clavien-Dindo classification) [5] .
A number of recent studies have demonstrated an adverse association between sarcopenia and immediate and long-term patient outcomes following surgery, including post-operative complications, length of hospital stay, recurrence-free survival (RFS), and OS [6] [7] [8] . Sarcopenia is defined by the European Working Group on Sarcopenia in Older People as a low muscle mass and either decreased muscle strength or low physical performance [9] . The deleterious effect of sarcopenia on patient outcomes has been shown to be significant in a number of different cancers such as colorectal and liver cancers.
The skeletal muscle index is used to diagnose sarcopenia and this index may be calculated using computed tomography (CT). CT constitutes an important aspect of patient assessment prior to surgical triage and all such patients will undergo pre-operative staging CT. The calculation of skeletal muscle index on CT prior to surgery may provide addition useful information pertaining to the patient's condition and could help guide patient preparation and counselling. The aim of this study was to investigate the association between sarcopenia in patients undergoing surgery for gastric cancer and their post-operative outcomes in terms of morbidity, RFS, and OS.
MATERIALS AND METHODS
The local Institutional Review Board granted ethical approval (approval number ECM 4 (cc) 04/04/16). All consecutive patients who underwent surgery with curative intent for gastric adenocarcinoma between January 1, 2008 and December 31, 2014 in a single tertiary referral center by one surgeon were included in this study. Patients were identified through surgical logbooks and cross-verified using the histopathology database confirming the diagnosis of gastric adenocarcinoma according to the American Joint Committee on Cancer (AJCC) staging system [10] . Pathological data including tumor location and stage were collected from this database. Patient medical records were analyzed to obtain pre-operative clinical demographics, including age, sex, date of surgery, use of neoadjuvant therapy, and the identification of patients' comorbidities. The Charlson comorbidity index (CCI) was calculated from patient pre-operative information [11] .
Peri-operative reports were used to obtain patients' height, weight, and the American Society of Anesthesiologists physical status (ASA-PS) [12] . Post-operative information was obtained from patient medical records to include the occurrence of complications, which were graded according to the Clavien-Dindo classification system [13] . The total number of intensive care unit (ICU) and hospital bed days were obtained from the hospital inpatient medical system. Follow-up information regarding tumor recurrence and mortality were obtained from medical and radiological records. OS was defined as the length of time from the date of first therapy to the date of death or loss to follow-up. RFS was defined as the length of time from the date of first therapy to the date of detection of tumor recurrence, death, or loss to follow-up.
Diagnostic work-up and imaging
All patients were discussed at a multi-disciplinary team meeting. As part of the routine preoperative diagnostic procedure, all patients underwent an esophagogastroduodenoscopy and a staging CT scan of the thorax, abdomen, and pelvis [14] . In all, 80.4% (45 of 56) of the patients had an endoscopic ultrasound for loco-regional staging and 73.2% (41 of 56) of the patients had a staging laparoscopy with peritoneal washings. Survival analysis was performed on data from the pre-operative CT or from before commencement of chemotherapy where applicable. Morbidity analysis was performed on data from the staging CT performed before surgery irrespective of whether chemotherapy was administered as this reflected the patient's skeletal muscle index entering surgery, which could be affected by the administration of chemotherapy. CT scans were electronically stored on the hospital imaging system. Preoperative CT scans for the identified study patients were anonymized by a third-party imaging technician.
Image analysis
CT scans were analyzed using the OsiriX version 5.6.1 open source software (32-bit, Pixmeo, Geneva, Switzerland; http://www.osirix-viewer.com). The cross-sectional skeletal muscle area (cm 2 ) was measured using a standardized approach [8, 15] . Two sequential scans at the level of the third lumbar vertebra, in which both transverse processes were visible, were used. The grow/regrow tool was used to measure the skeletal muscle area on these axial slices by a reviewer blinded to the patients' demographics. The threshold range for skeletal muscle was −30 to +150 Hounsfield units [16, 17] . The skeletal muscles included were the psoas, paraspinal, and abdominal wall muscles. The average muscle area of these 2 slices was used. The skeletal muscle area was normalized for height to calculate the skeletal muscle index [18] . The specific cut-off values used for sarcopenia were 52.4 cm 2 /m 2 for men and 38.5 cm 2 /m 2 for women, as published by Prado et al. [17] . An example of an analyzed CT scan is shown in Fig. 1 .
Statistical analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) v20.0 software (SPSS Inc., Chicago, IL, USA). The independent t-test and Mann-Whitney U test were used to compare continuous variables including age, number of positive lymph nodes (LNs), number of LNs resected, patient height, weight, and body mass index (BMI). The χ 2 test and Fisher's exact test were used to compare categorical variables such as sex, tumor site, TNM stage, use of neoadjuvant therapy, ASA-PS grade, and CCI score. The impact of sarcopenia on morbidity was analyzed by univariate and multivariate regression analyses. Morbidity was assessed according to serious in-hospital complications , the number of ICU bed days, and the total length of hospital stay. OS and RFS were evaluated by Kaplan-Meier survival analysis and the log-rank test. The association of sarcopenia with OS was analyzed using univariate and multivariate Cox regression analyses. Graphs were constructed on GraphPad Prism v6.07 (GraphPad Software Inc., La Jolla, CA, USA). A P-value of <0.05 was used as the level of significance for the study.
RESULTS
A total of 56 patients (41 male, 15 female; mean age, 68.4 ± 11.9 years) were included in the study. Follow-up was completed for all included patients. There was a mean of 28 days (range, 0-74 days) from the date of CT scan to the date of surgery. The majority of the patients (87.5%, 49 of 56) had the CT scan within 6 weeks of the surgery. In all, 20 patients (35.7%) were sarcopenic pre-operatively, which included three of 29 patients who received neoadjuvant chemotherapy and subsequently became sarcopenic. Patient demographics, clinical indices, and pathological data are summarized in Table 1 .
Stratification of patients based on the presence or absence of sarcopenia demonstrated that only patient weight and BMI were statistically different between the groups (P=0.036 and 0.001, respectively). There was no statistical difference in the patients' comorbidities, assessed by the ASA-PS and CCI scores (P=0.803 and 0.144, respectively). No statistically significant difference was observed in the tumor profile between the patient groups. This was assessed by tumor site, stage, and the number of LNs resected. In all, 50% (28 of 56) of patients received neoadjuvant chemotherapy and 64.3% (18 of 28) of these patients went on to have adjuvant chemotherapy. The seven patients with stage 0 gastric cancer were treated surgically and did not receive neoadjuvant chemotherapy. A mean of 28.7 LNs were resected in the whole patient cohort. In total, 52 patients (92.9%) of the whole patient cohort had a resection of ≥15 LNs. Of the remainder, three patients had stage 1A disease.
The median follow-up time for the whole patient cohort was 39.88 months (interquartile range, 17.43-61.2 months). RFS and OS curves for patients with and without sarcopenia are shown in Figs. 2 and 3 , respectively. No statistically significant difference was observed in RFS between patient groups (P=0.084, log-rank test). However, there was a statistically significant difference in OS between the 2 groups (P=0.003, log-rank test), with sarcopenic patients having reduced survival.
Overall, 20 patients experienced severe post-operative complications (Clavien-Dindo >3A). The sarcopenic group had a higher rate of severe complications than the non-sarcopenic group (11 patients vs. 9 patients, respectively). Radiologically guided pleural drainage or chest tube insertion was required by 8 patients: 3 from the sarcopenic group and 5 from the non-sarcopenic group. Surgical intervention under general anesthetic was required by 5 patients for wound debridement (n=1), perforation (n=1), tracheostomy insertion (n=1), and small bowel obstruction (n=2): 3 from the sarcopenic group and 2 from the non-sarcopenic group. ICU admission was required by 7 patients: 5 from the sarcopenic group and 2 from the non-sarcopenic group.
A summary of univariate and multivariate cox regression analyses for OS is presented in Table 2 . In the univariate regression analysis, sarcopenia, BMI, and AJCC tumor stages 2A-2B and 3A-3C were statistically significant prognosticators of OS. Due to the small study group, only the variables that were statistically significant in the univariate analysis were included in the multivariate regression analysis. Only sarcopenia and AJCC tumor stages 2A-2B and 3A-3C were statistically significant predictors of poor OS in the multivariate analysis (hazard ratio [HR], 10.915; P=0.001; HR, 50.177, P≤0.001; and HR, 56.377; P≤0.001, respectively The association between sarcopenia and post-operative morbidity is shown in Table 3 . There was a statistically significant difference between the 2 groups with respect to serious postoperative complications (Clavien-Dindo ≥3a) (P=0.025), in-hospital mortality (P=0.041), and number of ICU bed days (P=0.007). There was no statistically significant difference in the total length of hospital stay between the 2 groups (P=0.373). Univariate and multivariate regression analyses were used to identify factors associated with hospital complications Fig. 3 . Kaplan-Meier analysis for OS indicated a statistically significant difference in OS between non-sarcopenic and sarcopenic patients (P=0.003, log-rank test). OS = overall survival.
( Table 4 ). In the univariate analysis, being male and having sarcopenia were found to be statistically significant factors associated with in-hospital complications (odds ratio [OR], 5.087; P=0.048 and OR, 3.667; P=0.028). However, in the multivariate analysis, only sarcopenia was found to be a significant prognosticator of serious in-hospital complications (OR, 3.508; P=0.042).
DISCUSSION
The role of sarcopenia in the management of patients with cancer is an evolving area of research. Numerous studies encompassing different tumor biologies have demonstrated that a low skeletal muscle index has an adverse effect on the outcomes of oncology patients. Sarcopenia has been associated with increased length of hospital stay, serious in-hospital complications, increased inpatient mortality, and lower disease-free survival and OS [6, 8, 19, 20] . The present study investigated the effect of sarcopenia on patients undergoing potentially curative surgery for gastric adenocarcinoma with respect to post-operative morbidity, RFS, and OS. The study groups were very well-matched and the surgical approach was standardized, given that only 1 surgeon was involved. Sarcopenia was adversely associated with serious post-operative hospital complications (Clavien-Dindo ≥3a) and decreased OS. Interestingly, there was no statistically significant difference observed in the length of hospital stay between the patient groups, which was expected due to the association of sarcopenia with major in-hospital complications and increased length of stay in the ICU. This may be due in part to the small study group. However, the differences observed in the incidence of major complications and the number of ICU bed days indicate that sarcopenic patients are more resource intensive than non-sarcopenic patients.
Sarcopenic thresholds reported by Prado et al. [17] are frequently referenced and used for patient stratification; these are derived from an obese cohort of cancer patients with a number of different tumor etiologies. Despite the potential for bias in these cut-off values, significant associations with many disease outcomes have been found. This may be due to the general population becoming increasingly obese and the study's restriction to obese patients may, in fact, be representative of modern society [21] . Hence, it was deemed appropriate to use these threshold values for the purposes of the present study. Almost 59% (33 of 56) of patients in the present study were overweight or obese and although there was a statistical difference in BMI between the 2 patient groups, BMI was not associated with a worse outcome in terms of morbidity or survival in the multivariate analysis. A similar finding was reported in a study of patients with hepatocellular carcinoma [19] . Cachexia associated with cancer is characterized by loss of a muscle mass, which may not be accompanied by a loss of fat mass and may be poorly reflected by changes in BMI [22] . With the rising prevalence of obesity in the community, sarcopenia may be a more suitable prognostic factor than BMI. The use of CT to identify patients who have sarcopenia despite having a normal BMI has not been widely exploited. The reporting of skeletal muscle index represents a potential added value that radiologists could provide to guide referring physicians.
Some studies have failed to demonstrate these relationships; a recent study that investigated the effect of sarcopenia on patients with gastric cancer undergoing surgery did not show an association between sarcopenia and short-term post-operative morbidity and mortality [23] . There are fundamental differences in the profile of patients' in that study: 57.7% of patients in that study were sarcopenic compared with only 35.7% in the present study, and 30.6% of patients in that study underwent palliative surgery, with 37.1% having stage 4 disease, whereas the present study group was restricted to those undergoing curative surgery. These differences may explain the different study results. Another recent paper reported that sarcopenia is associated with decreased OS in esophago-gastric cancer patients [24] . The incidence of sarcopenia in that study was 49.4% and a larger variety of cancers were studied (esophageal, esophago-gastric junction, and gastric cancers) in comparison to the present, more focused study.
The incorporation of skeletal muscle index calculation into pre-operative risk stratification and prognostic models may require tumor-specific cut-off values for a low skeletal muscle index. Tumor pathophysiology and prognosis can vary widely, as can the physiologic challenge of surgery. The concept of tumor-specific values has been investigated in several studies. An adverse association has been demonstrated between sarcopenia and RFS and OS in patients with colorectal cancer [25] . Similarly, an association between sarcopenia and OS in patients with pancreatic cancer has also been shown [26] . Both of these studies used the lowest sex-specific quartile to define a low skeletal muscle index.
The identification of patients who are sarcopenic at the time of diagnosis may aid the selection of patients for early nutritional and physical intervention. This might be particularly suitable for patients with gastric cancer who require neoadjuvant chemotherapy. In a study which analyzed the change in body composition in patients after neoadjuvant chemotherapy for esophago-gastric cancer, there was a statistically significant increase in the number of patients with sarcopenia post-chemotherapy [27] . This was reflected in the present study with previously non-sarcopenic patients becoming sarcopenic post-chemotherapy.
The present study included consecutive patients who underwent curative surgery for gastric cancer at a single tertiary referral center. The study was retrospective and although comparable with similar papers studying other cancers, the patient group was relatively small. A multicenter prospective study with a larger patient population may be necessary to better elucidate the association between sarcopenia and post-operative outcomes in specific subgroups of patients undergoing curative resection for gastric cancer.
The relationship between the systemic inflammatory response and sarcopenia and its influence on this study's findings were not included due to lack of relevant data (C-reactive protein, etc.). Results from the recent C-SCANS study indicated that pre-diagnosis systemic inflammation and at-diagnosis sarcopenia were associated with an increased mortality risk in patients with non-metastatic colorectal cancer [28] . Further study of the influence of the systemic inflammatory response on skeletal muscle in gastric cancer may help guide interventions to prevent sarcopenia and potentially improve survival outcomes.
In conclusion, the present study demonstrated that, in patients undergoing curative resection for gastric cancer, there was a statistically significant association between sarcopenia and both decreased OS and serious post-operative complications. The measurement and reporting of skeletal muscle index from pre-operative CT should be considered for patient preparation purposes.
